
(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




■■111 



(12) 



(11) EP1 111 490A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

27.06.2001 Bulletin 2001/26 

(21) Application number 001 22404.7 

(22) Date of filing: 13.10.2000 



(51) lntci7: G05D 23/19, H05B 3/74, 
H05B 6/06, H03K 17/955 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Brindani, Franco, c/o Whirlpool Europe s.r.l. 


MCNLPTSE 


21025 Comerio (IT) 


Designated Extension States: 


• Frasnetti, Luca, c/o Whirlpool Europe s.r.l. 


AL LT LV MK RO SI 


21025 Comerio (tT) 


(30) Priority: 24.12.1999 IT MI992707 


(74) Representative: Guerci, Alessandro 




Whirlpool Europe S.r.l. 


(71) Applicant: WHIRLPOOL CORPORATION 


Patent Department 


Benton Harbor Michigan 49022 (US) 


Vlale G. Borghl 27 




21025 Comerio (VA) (IT) 



(54) Device for sensing the presence of pans and the like on cooking appliances 



(57) A device for sensing the presence of cooking 
utensils on a cooking hob comprising at least one heat 
source, said device comprising an electrically conduc- 
tive coil turn fed by the signal generated by an oscillator, 



in which the oscillator (VCO) is a voltage-controlled os- 
cillator generating square wave signals, said coil turn 
(7) for sensing the utensil acting, when said sensing oc- 
curs, to modify the cut-off frequency of a low pass filter 
(L/R) fed by said oscillator (VCO) (Figure 4). 
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Description 

[0001] This invention relates to a device for sensing 
the presence of at least one at least partly metal cooking 
utensil (pan, pot, casserole etc.) positioned on a prefer- 
ably electrical heat source of a cooking appliance (hot- 
plate, cooking hob, cooker etc.) in accordance with the 
introduction to the accompanying claim 1 . 
[0002] EP-A1 -0553425 describes a method and de- 
vice for sensing the presence of a cooking utensil posi- 
tioned on a glass ceramic cooking hob above a usual 
heat source, for example electrical. Between this source 
and the glass ceramic surface there is positioned a wire 
resistor of open ring configuration. 
[0003] After positioning the cooking utensi I a variation 
occurs in the characteristics of the wire resistor of open 
ring configuration and hence of the electrical signal flow- 
ing through the resistor. 

[0004] The known device has not proved sufficiently 
reliable in the sense that under certain operating condi- 
tions spurious signals occur which give a false indication 
of the presence and/or absence of the cooking utensil. 
[0005] The main object of this invention is to provide 
a device for sensing the presence of cooking utensils 
which is based on different concepts and which besides 
being reliable is also more advantageous cost-wise. 
[0006] This and further objects which will be more ap- 
parent from the detailed description given hereinafter 
are attained by a sensing device in accordance with the 
teachings of the accompanying claims. 
[0007] The invention will be more apparent from the 
ensuing detailed description given by way of non-limit- 
ing example with reference to the accompanying draw- 
ings, on which: 

Figure 1 is a schematic view of the device of the 
invention; 

Figure 2 is a perspective view of a heat source in 
the form of an electrical resistance element, and the 
relative coil turn for sensing the presence or ab- 
sence of the cooking utensil; 
Figure 3 is a graph showing the variation in the ratio 
Vu/Vi (Vu = output voltage and Vi = input voltage) 
of the low pass filter against frequency with the 
cooking utensil respectively absent and present on 
the heat source; 

Figure 4 shows the electrical circuit of the device of 
the invention. 

[0008] With reference to the figures, the glass ceramic 
cooking hob 1 comprises a conventional glass ceramic 
plate 2 on which a cooking utensil P (for example a metal 
pan) is to be rested. 

[0009] The pan P is rested on a cooking region 3 com- 
prising an electrical heat source consisting, for example, 
of a conventional resistance element 4 (or other equiv- 
alent heating element) which, as can be seen in Figure 
2, is positioned in a container 5 for example of insulating 



material, glass fibre or the like, open upwards towards 
the lower face of the glass ceramic plate with which it is 
in contact. The container 5 has a perimetral wall 6 com- 
prising a substantially annular groove housing a coil turn 
5 7 of conducting metal. The ends of the turn terminate in 
terminals 7, the ends of the heating element 4 terminat- 
ing in terminals 8. 

[001 0] The heating element 4 is connected via its ter- 
minals 8 to a control circuit 9 to which the turn 7 is also 

10 connected. 

[001 1 ] In its sensing part concerning the invention, the 
control circuit 9 comprises a voltage-controlled oscillator 
indicated by VCO, which generates a square wave sig- 
nal with a frequency, for example, of 1 MHz. The square 

15 wave signal is applied to the input of a low pass filter U 
R the inductance L1 of which forms part of the turn 7, 
and an impedance adapter X. However in the limit, using 
a suitable VCO the turn could be sufficient alone. The 
filter output signal, which differs depending on whether 

20 the pan P is or is not positioned on the heat source (re- 
sistance element 4), is applied to a peak rectifier DS1 
which transforms the signal leaving the filter into a con- 
tinuous signal, this enabling the highest possible effec- 
tive value to be obtained. The signal leaving the peak 

25 rectifier DS1 is applied to the inverting input of an oper- 
ational amplifier LM (feedback via the resistor R19), to 
its non-inverting input there being applied the non-fil- 
tered square wave signal transformed into a continuous 
signal by a peak rectifier DS2 identical to the said peak 

30 rectifier DS1. 

[0012] The action of the amplifier is such that its out- 
put signal is different according to whether the presence 
of the pan P is sensed or not sensed by the turn 7. 
[0013] If the pan is absent, the signal leaving the op- 

35 erationai amplifier LM can be used by the remaining 
electronic circuit 9 in such a manner as to not allow the 
resistance heating element 4 to be powered even if the 
operator wishes to switch on the resistance element 4 
by operating a conventional knob. It will however be 

40 switched on if, having positioned the pan P on the cor- 
rect point of the cooking hob, the signal leaving the op- 
erational amplifier LM enables powering of the resist- 
ance element. Removing the pan results in automatic 
switch-off of the resistance heating element. 

45 [0014] As is apparent, the invention is based on vari- 
ation in the cut-off frequency of a low pass filter L7R due 
to the change in the value of L which occurs on resting 
the pan P on or removing it from the glass ceramic sur- 
face. 

50 [0015] With reference to Figure 3, in which the hori- 
zontal axis indicates frequency and the vertical axis in- 
dicates the ratio Vu/Vi, ie the alternation (output voltage 
= Vu, input voltage = Vi of the UR filter), if the pan is 
absent the filter cut-off frequency is ft, whereas if the 

55 pan is present the cut-off frequency assumes the higher 
value ftp. 

[0016] At the oscillator frequency fvco there is, in the 
absence of the pan, a value Vu for the same Vi which is 
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substantially lower than that with the pan, and hence a 
variation A which is utilized to obtain the control signal, 
for example for the aforesaid control in switch ing-on the 
resistance heating element or another equivalent heat- 
ing element. 

[0017] As already stated, according to the invention 
the turn 7 is fed with a square wave signal, for example 
of 1 MHz frequency, by a voltage-controlled oscillator 
VCO. This, given the high harmonics content of this par- 
ticular wave form, allows maximization of the variation 
in the filter output signal Vu when the pan is rested on 
the plate. It should be noted that a square wave oscilla- 
tor is easy to form using a few simple components, as 
is apparent from Figure 4 and from the ensuing analyt- 
ical description. 

[0018] The use of the peak rectifier (DS1 and DS2) 
both at the output of the L/R filter and in the comparison 
branch to the non-inverting input of the amplifier LM en- 
ables a signal to be obtained having the highest possible 
effective value, and hence very easily handled. 
[001 9] The use of a voltage-controlled oscillator ena- 
bles the cut-off frequency of the L/R filter to be automat- 
ically found, hence enabling the circuit to be adapted to 
the variabilities introduced by the various sensor com- 
ponents (coil turn, impedance adapter, etc.), which vary 
from circuit to circuit. The impedance adapter X enables 
a relatively low VCO frequency to be use. In actual fact, 
the very low inductance of the coil turn 7 means that the 
VCO frequency should be greater than 1 MHz. 
[0020] However, with this adapter the value of L 
"seen" by the circuit is L\ which is directly proportional 
to N 2 (where N is the primary to secondary turn ratio, ie 
N = n^. If N is 40/1 , N 2 = 1 600, hence V = 1 600L. This 
correspondingly reduces the cut-off frequency which in 
an L/R filter is given by ft = R/(2XL'). 
[0021] Moreover, a single VCO oscillator is able to 
handle a large number of sensor turns 7 (ie a large 
number of resistance heating elements) by selectively 
injecting the signal of one and the same VCO oscillator 
into the various filters of one and the same cooking hob, 
with multiplexing of the various sensors 7. This enables 
substantial technical advantages to be obtained deriv- 
ing from the fact that having only one oscillator obviates 
component tolerances, and also results in cost advan- 
tages because of the reduction in the number of com- 
ponents. 

[0022] Again, using a voltage-controlled oscillator 
means that its oscillation frequency can be changed by 
replacing the fixed voltage source (indicated by V1 in 
Figure 4) with a variable voltage source, for example by 
using a PMW (pulse width modulation) source so as to 
adapt the cut-off frequency to the specific components 
of the circuit. 

[0023] In detail, the circuit of Figure 4 comprises a d. 
c. power supply source represented by a battery V4, the 
VCO oscillator voltage-controlled by the source V1, a 
first circuit branch comprising the coil turn 7 of the low 
pass filter L/R, the peak rectifier DS1 , and thefeedback- 
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connected amplifier LM, of which the inverting input is 
connected to said first circuit branch and the non-invert- 
ing input is connected to a second circuit branch con- 
nected to the output of the VCO oscillator. 

s [0024] The VCO oscillator (of usual type) comprises 
two identical transistors Q5 and Q6 connected between 
the battery V4 and earth via resistors R10 and R11 (not 
necessarily identical). The transistor bases are connect- 
ed to the source V1 via identical resistors R8, R9, the 

w collector of one being connected to the base of the other 
via capacitors C8, C9 (not necessarily identical). 
[0025] The L/R filter comprises the inductance L1 and 
the resistor R1. 

[0026] The peak rectifiers DS1 and DS2 comprise re- 
's spectively the diodes D1 . D2 and D3, D4, the resistors 
Rg, R 16 , and the capacitors Cg, C 12 . 
[0027] The other not specifically described compo- 
nents (resistors R and capacitors C) are provided for cir- 
cuit calibration, filtration, protection and signal level op- 
20 timization purposes. 



Claims 

25 1 . A device for sensing the presence of cooking uten- 
sils on a cooking hob comprising at least one heat 
source, said device comprising an electrically con- 
ductive coil turn fed by the signal generated by an 
oscillator, characterised in that the oscillator (VCO) 

30 is a voltage-controlled oscillator generating square 
wave signals, said coil turn (7) for sensing the uten- 
sil acting, when said sensing occurs, to modify the 
cut-off frequency of a low pass filter (L/R) fed by said 
oscillator (VCO). 

35 

2. A device as claimed in claim 1 , wherein the filter is 
an LR filter. 

3. A device as claimed in claim 1 , wherein the imped- 
40 ance of the low pass filter comprises an impedance 

adapter (X) and the said coil turn (7). 

4. A device as claimed in one or more of the preceding 
claims, wherein an operational amplifier (LM) is pro- 

45 vided, in which one input is connected to the output 
of the low pass filter (L/R) via a peak rectifier (DS1), 
the other input being connected to the voltage-con- 
trolled oscillator (VCO) via a further peak rectifier 
(DS2). 

50 

5. A device as claimed in one or more of the preceding 
claims, wherein the output of the operational ampli- 
fier (LM) is used for controlling the heat source or 
sources. 

55 

6. A device as claimed in one or more of the preceding 
claims, wherein the coil turn (7) is directly connect- 
ed to the voltage-controlled oscillator (VCO). 
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A device as claimed in one or more of the preceding 
claims, wherein the output of the operational ampli- 
fier (LM) is used by a microprocessor for controlling 
its oscillation frequency. 

5 

A device as claimed in one or more of the preceding 
claims, wherein a single oscillator (VCO) is used 
with electronic selection for controlling several low 
pass filters (L/R), each associated with a different 
heat source (4). 10 

9. A device as claimed in the preceding claim, wherein 
the electronic selection comprises multiplexing. 

15 



20 



25 



30 



35 



40 



45 



50 



4 



BEST AVAILABLE COPY 



EP1 111 490 A1 




Tftmcrxm 



* 5 






'3 



.2 



5 




6 



EP 1 111 490 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 12 2404 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of I 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tnLCI.7) 



Y 
A 



Y 
A 



Y 
A 



DE 197 00 753 A (SCH0TT GLASWERKE) 
16 July 1998 (1998-07-16) 

* column 1, line 3 - column 3, line 35 * 

* column 3, line 58 - column 6, line 30; 
claims 1-14; figures 1-3 * 

US 3 820 005 A (STEIGERWALD R) 
25 June 1974 (1974-06-25) 

* column 1, line 9-52 * 

* column 3, line 9 - column 14, line 14; 
claims 1-5; figures 1-6 * 

GB 2 119 931 A (STEPHENS GRAHAM MICHAEL) 
23 November 1983 (1983-11-23) 
Whole document 



1-6 
7-9 



1-6 
7-9 



1-6 
7-9 



The present search report has been drawn up for all claims 



Ftaoo & oca- oh 

MUNICH 



U€bb cp canpwoon or xno so&rcn 

30 January 2001 



G05D23/19 
H05B3/74 
H05B6/06 
H03K 17/955 



TECHNICAL FIELDS 
SEARCHED (lntCI.7) 



G05D 

H05B 
H03K 



Exa.TBT.ef 

Pierron, P 



8 



5 

s 

UJ 



CATEGORY OF CITED DOCUMENTS 

X : partfcu tarty relevant If taken alone 

Y : partfcu tarty relevant If combined with another 

document of the same category 
A : technological badqpound 
O : non-wrilen doctosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

atter the filing date 
D : document tired in the appScalion 
L : document cited for other reasons 



& : member of the same patent f amity, corresponding 
document 



7 



EP1 111 490 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 12 2404 



This annex lists the patent family membersrelattng to the patent documents cited In the above-mentioned European search report 
The members are as contained in the European Patent Office £ DP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

30-01-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



DE 19700753 



16-07-1998 



WO 9831198 A 
EP 0951805 A 



16-07-1998 
27-10-1999 



US 3820005 



25-06-1974 



0E 2332366 A 

FR 2191392 A 

GB 1439232 A 

JP 976141 C 

JP 49043241 A 

JP 54007969 B 

US 3781505 A 



10- 01- 
01-02- 
16-06- 
30-10- 
23-04- 

11- 04- 
25-12- 



1974 
•1974 
1976 
1979 
1974 
1979 
1973 



GB 2119931 



23-11-1983 



NONE 



a 

10 

£ 

i 



ui For more details about this annex : see Official Journal of the European Patent Office, Mo. 12/82 



8 



